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Foreword

Sweden is considered to be one of the most technologically innovative countries in the world
and Stockholm is consistently ranked as one of the world’s most entrepreneurial, innovative
and attractive cities

Since its founding in 1827, KTH Royal Institute of Technology in Stockholm has grown to
become one of Europe’s leading technical and engineering universities, as well as a key center
of intellectual talent and innovation. KTH Royal Institute of technology is Sweden’s largest
technical research and learning institution and home to students, researchers and faculty from
around the world dedicated to advancing knowledge.

The five KTH campuses in Greater Stockholm, gather more than 12,000 full-time students,
some 2,000 PhD students, and approximately 3,700 full-time employees.

KTH is working with industry and society in the pursuit of sustainable solutions to some of
humanity’s greatest challenges: climate change, future energy supply, urbanization and quality
of life for the rapidly growing elderly population. 1!
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FIGURE 1 : THE cAMPUS OF KTH.



[] Introduction

Programmable Magnetic Metamaterials

1) General

Soft materials capable of transforming between three-dimensional (3D) shapes in response to
stimuli such as light, heat, solvent, electric and magnetic fields have applications in diverse
areas such as flexible electronics, soft robotics, and biomedicine. Polymer materials with a high
response to magnetic fields are desirable for many industrial and biomedical applications. As
reviewed by Lopez-Lopez et al. and Kwon et al. I, such magnetopolymers are used as
magnetocontrollable dampers, vibration and shock absorbers; temperature, pressure and
chemical sensors. In electronics, they are used as protection against electromagnetic radiation
and electrostatic discharge, or as an electrically conductive adhesive for electrical connections.
Recently, several authors proposed the use of magnetic nanoparticles in combination with
polymers for the preparation of innovative magnetic scaffolds (ferroscaffolds or ferrogels) for

tissue substitutes.

2) Purpose and aims

Today’s magnetopolymers are composites of dispersed magnetic particles that are fixated in a
continuous polymer matrix after material synthesis.

In contrast, the purpose is to synthesised composites with anisotropically-shaped magnetic
particles that are embedded in polymer microdroplets of a low melting temperature (Tm = 60
°C) that are dispersed inside a continuous matrix. Above Tm, the microdroplets melt, and the
magnetic particles rotate to minimize the overall magnetic energy; below Tm, the microdroplets
solidify and fixate the particles.

Using high-coercivity particles gives rise to a novel type of Superparamagnetism, rotation-
induced Superparamagnetism, which uniquely allows switching the material between a
ferromagnetic, Paramagnetic and antiferromagnetic state (Figure 2).

The potential impact of this project is two-fold: 1) the beyond-state-of-the-art performance
characteristics of the materials and 2) the potential to program desired magnetic and mechanical
properties of components after their synthesis.
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FIGURE 2: SCHEMATIC OF PROGRAMMABLE MAGNETIC METAMATERIALS CONSISTING OF MAGNETIC PARTICLES INSIDE LOW
MELTING TEMPERATURE POLYMER MICRODROPLETS THAT ARE DISPERSED IN A CONTINUOUS ELASTOMER MATRIX

3) About magnetism
A) Paramagnetism

The Paramagnetism state is a state in which the atoms of the material have a net magnetic
moment due to unpaired electrons in partially filled orbitals. The paramagnetic susceptibility is
small at normal temperatures and in moderate fields.

“For low levels of magnetization, the magnetization of paramagnets follows what is known as
Curie's law, at least approximately. This law indicates that the susceptibility, y, of paramagnetic
materials is inversely proportional to their temperature, i.e. that materials become more
magnetic at lower temperatures. The mathematical expression is: “



Where :

e M is the resulting magnetization, measured in amperes/meter (A/m),
e v is the volume magnetic susceptibility (dimensionless),

e H is the auxiliary magnetic field (A/m),

e T is absolute temperature, measured in kelvins (K),

e Cis a material-specific Curie constant (K). [ *

Above Curie temperature (Tc), spins are randomly orientated.

VLT

FIGURE 3: PARAMAGNETISM

B) Ferromagnetism

In a Ferromagnetic material, all the atoms align their magnetic fields with each other in regions
called Weiss’s domains. The material is, therefore, composed of many small domains. When
the material is not magnetized, every domain has a proper distribution and that’s why the net
magnetization of the whole sample is zero. But, when an extern field is applied, it changes the
direction of magnetization of all the domains: the material becomes magnetic.

Ferromagnetism can be recognized by the remnant magnetic field in the absence of another
magnetic field.

T T T T T T Spins are aligned parallel in Weiss’s domains below the Curie
temperature.

FIGURE 4 : FERROMAGNETISM

C) Antiferromagnetism

In the Antiferromagnetism state, atomics magnets alternate in opposite directions. Therefore,
their magnetic fields cancel each other. Above a critical temperature (called the Néel
temperature : Tn), antiferromagnetic solids are also paramagnetic.

l T i T l T Spins are aligned antiparallel in magnetic domains below
TN

FIGURE 5: ANTIFERROMAGNETISM



[1] Material

The metamaterial is composed of magnetic particles that are embedded in polymer
microdroplets of a low melting temperature and those droplets are dispersed inside a continuous
matrix. Therefore, the material is composed of three different components. In the laboratory,
different compounds have been presented as theoretically working for this project.

1) Continuous matrix

A) Ostemers

Ostemers are a new family of UV cured thermoset polymers developed specifically for the
requirements of lab-on-chips and microfluidics manufacturing.

™e « T

1 Mix the components 2 Mix thoroughly 3 Bubble free in minutes 4 UV-cure to set the shape

FIGURE 6 : PROTOCOL OF OSTEMERS : MIX THE TWO COMPONENTS OF THE OSTEMERS ACCORDING TO THE
PROPORTIONS ON THE BOTTLES IN A LIGHT PROTECTED CONTAINER AND PUT IT IN THE SPEED MIXER FOR A FEW
MINUTES TO REMOVE BUBBLES. PUT THE SAMPLE UNDER A UV LAMP FOR 60 SECONDS TO GET A COMPLETE UV-

CURE.

Ostemers can make a good continuous matrix because it is transparent, easy to prepare, flexible,
soft and it doesn’t melt above 62°C (which is the melting temperature of the droplets made of
PCL). Figure 6 shows how to use Ostemers.

B) Polymethylmethacrylate (PPMA)

PPMA also known as acrylic is a thermoplastic polymer. Acrylic is easy to Ny
manufacture, it’s an economical replacement of glass. Acrylic is one of the

many materials that respond very well to the wavelength of the COz2 laser. 0 0

The main processes include the laser cutting and drilling of acrylic. In both
cases, the process is done by instant sublimation of the material. The result - . .- 7 ppvmia
is a cutting of extreme precision and quality. The material obtained is clean

(sublimation makes the material to evaporate) and smooth.




PMMA can be very useful as a continuous matrix because it is possible to shape precisely
molds. Furthermore, it is transparent and very easy to manufacture thanks to the CO. laser
cutter.

C)Polydiméthylsiloxane (PDMS)

PDMS is the most used polymer in siloxane elastomer. It is

a commonly used material in biomedical applications (for Hs‘f HeC  CHy CHy
example: drug delivery vehicles and blood-contacting  HsCL_ " ; ~_aCHy
biomaterials). Si Si Si
Indeed, it has great properties such as biocompatibility, ? N CHy
nontoxicity, blood compatibility, elasticity, FIGURE 8 PDMS

transparency, and durability. !

The two components of the PDMS (Component A is the base and Component B is the curing
agent) are mixed in 10:1 mass ratio in a container. The two components are transparent and
very viscous. Put the container in the speed mixer for a few minutes to remove the bubbles.
Remaining bubbles can be also removed by using a pipette.

Finally, PDMS needs to be cure at 60°C in the oven, in a glass petri dish for 1 hour to obtain
flat PDMS.

It can be used as the continuous matrix because it is transparent, flexible and it doesn’t melt
above 62°C.

2) Polymer with a low melting temperature

Polycaprolactone (PCL)

“Polycaprolactone (PCL) was first synthesized in the 1930s by ring-
opening polymerization of e-caprolactone. PCL is a reusable
thermoplastic polymer, partially crystalline, with a melting point of 42—

64 °C and a glass transition temperature of —60 °C”.[6] FIGURE 9 : PCL

PCL is used in many fields but mainly in biomaterials because of its biocompatibility. For
example, it can be useful fort implantable and biodegradable materials and for drug delivery. [

The PCL used for this project has with a melting temperature of 62°C. Pellets of PCL need to
be placed in boiling water. Then, the pellets fuse, soften and turn transparent. It allows to easily
shape the polymer by hand (making droplets for this project, for example), then the polymer
cools down to a solid, white, non-brittle, strong material.



3) Magnetic particles

Two types of magnetic particles are used during this project. First, iron particles with a size of
60 pm. Second, tiny but strong cylindrical magnets made of Neodymium, with a diameter and
a height of Imm.

[11] Experiment Methods

To create this device, two scales have been approached: millimeter and micrometer scales.

1) On a millimeter scale: PPMA, PCL and 4 magnets

A) Device made of 4 magnets

a) Protocol

Using the COz2 laser printer over PPMA, a mold (3 cm
length) is made.

3cm

In the tiny squares (1.5mm by 1.5mm), the magnets are E E
added and covered by PCL which has been melt.

O O PCL with a melting temperature of icm

o o 62°C -

.5 mm icm
FIGURE 11: FILL THE HOLES WITH MAGNETS AND PCL D
FIGURE 10: STEP 1: MOLD MADE OF PMMA

Results:

This test is efficient. Indeed, when the PCL is melted, the tiny magnets are moving in any
directions very quickly with an application of an extern magnetic field. However, the PCL can
leak outside the squares (APPENDIX1). To fix this issue, the holes must be sealed. That’s why
layers of flat PDMS which is soft and rubbery, will be added to seal the holes when it is clamped
from the sides. A picture of the device can be found in the APPENDIX 2.




The sample

Flat PDMS

FIGURE 12: THE FINAL STRUCTURE OF THE SAMPLE

b) Paramagnetism, Ferromagnetism and Antiferromagnetism

To visually characterize the magnetic state of the sample, a microscope study was carried out.
Tiny magnets are can be described as an arrow with a north and a south pole.

e Paramagnetism

WHEN THE TEMPERATURE IS ABOVE 62°C: ALL THE PCL IS MELTED
A magnet is applied above the sample:

Tiny magnets orientate themselves with the new magnetic extern field. ::

FIGURE 14: MICROSCOPIC OBSERVATION
OF THE PARAMAGNETIC STATE WHEN THE
MAGNET IS APPLIED

FIGURE 13:
PARAMAGNETIC STATE
WITH AN APPLICATION OF A
MAGNET

The magnet is now removed:

Tiny magnets orientate themselves in order to minimize their energy.

They are taking back their original configuration



FIGURE 16: MICROSCOPIC OBSERVATION
OF THE PARAMAGNETIC STATE WHEN THE

MAGNET IS REMOVED

FIGURE 15:
PARAMAGNETIC STATE
WHEN THE MAGNET IS

REMOVED

e Ferromagnetism

The starting point of Ferromagnetism is the state of Figure 14.

WHEN THE TEMPERATURE IS BELOW 62°C: [T SN nE

The sample is cooling down in the fridge with the magnet still on it, the final structure obtained
is the following one:

FIGURE 17:
FERROMAGNETIC STATE

FIGURE 18: MICROSCOPIC OBSERVATION OF THE FERROMAGNETIC STATE

e Antiferromagnetism

The starting point of Antiferromagnetism is the state of Figure 16.

WHEN THE TEMPERATURE Is BELOW 42°C: [N ENSNEESRE

In an Antiferromagnetic state, the sample can be easily described by this structure:



THE ANTIFERROMAGNETIC STATE

FIGURE 20: MICROSCOPIC OBSERVATION OF . -

FIGURE 19:
ANTIFERROMAGNETIC
STATE

c) Characterisation

To characterize visually the different states of magnetism of the device, the needle’s experiment
has been done. (APPENDIX 3).The results are consistent with what was expected.

d) Conclusion

According to the Figure 2, a summary can be made according to the following scheme.

FIGURE 21: MICROSCOPIC OBSERVATIONS OF THE DIFFERENT MAGNETIC STATES OF THE SAMPLE



This device allowed us to visually characterize the desired magnetic states. It also shows that
this structure is efficient because the magnets can rotate freely.

B) On a larger scale: a device made of 25 magnets

In order to go further, a bigger device has been made with 25 tiny
magnets in it.

a) Characterization

A Gaussmeter has been used to measure the magnetic field of
the sample during its different magnetic states. The
measurements are done in the middle of the sample.

A summary can be done with the following scheme:

Antiferromagnetism : 72 mTesla

Ferromagnetism : 86 mTesla

Paramagnetism : 85.6 mTesla

FIGURE 22: THE DEVICE MADE OF 25 MAGNETS

Ferromagnetism : 9.6 mTesla

Paramagnetism : 0 mTesla

Antiferromagnetism : 0.2mTesla

FIGURE 23: MEASUREMENTS OF THE MAGNETIC FIELD OF THE DIFFERENT MAGNETIC STATES OF THE SAMPLE

This result seems to be relevant. The magnetic field of the Antiferromagnetic state is about 0
mTesla such as the Paramagnetic state without a magnet which is what was expected. All the
tiny magnets have reoriented themselves to minimize their energy. They are cancelling out each
other, resulting in a measured magnetic field of zero. The Ferromagnetic state has a magnetic

10




field of 9.6 mTesla which makes sense because all the magnets are orientated in the same way
such as the Paramagnetic state with a magnet.

Measuring the magnetic field is proof that the sample can be Paramagnetic, Ferromagnetic and
Antiferromagnetic according to different conditions (Applying a magnet or not, and the
temperature).

This study as well as the precedent one (d) Conclusion) proves that the device is working. With
4 or 25 magnets, the three magnetic states can be reached, and this is confirmed visually and
by the measurements of the magnetic field created.

b) Measurements of the magnetic field as function of the distance

For the Ferromagnetic state, an experiment to measure the strength of the magnetic field created
has been done. The conditions of this experiment are the following: the sample came out of the
fridge, fixed in the Ferromagnetic state without a magnet on it. The initiate distance between
the sensor of the Gaussmeter and the sample is 700 um (it corresponds to the thickness of the
flat PDMS and the PMMA sheet). The thickness of one PMMA sheets is about 500 pm and of
the flat PDMS is about 200 um. PPMA sheets are added one by one while the magnetic field is
being measured. It takes 15 PMMA sheets that is to say a distance of 8200 um to obtain a
magnetic field of 0 mTesla.

Measurements of the magnetic field as
function of the distance

Magnetic field (mTesla)
O N N O 0O O DN

0 2000 4000 6000 8000 10000

Distance
(um)

FIGURE 24: MEASUREMENTS OF THE MAGNETIC FIELD AS FUNCTION OF THE DISTANCE
Concerning the Antiferromagnetic and the Paramagnetic state, the measure of magnetic field
with a distance of 700 um gives immediately 0 mTesla.

A mapping of the sample has been done for the Ferromagnetic state to have more precise
measurements. (APPENDICES 4 AND 5)

11



c) About Superparamagnetism

One last thing needs to be explained about the fact that the device is not Paramagnetic but
Superparamagnetic.

As reviewed by Vahak Marghussian [, “Superparamagnetism is a form of magnetism which
appears in small ferromagnetic or ferrimagnetic nanoparticles. Insufficiently small
nanoparticles, magnetization can randomly flip direction under the influence of temperature.

The typical time between two flips is called the Neel relaxation time.”

Indeed, even if the particles are at the millimeter scale and not nanometer scale, the magnets
need to flip when they are magnetized.

To characterize this new magnetic state, the magnetic response of the system must be measured
when an applied magnetic field varies in time: it is called AC susceptibility measurements.
Unfortunately, due to time constraints and lack of equipment, this experiment could not be
carried out successfully.

2) On a micrometer scale

The millimeter scale has produced encouraging results. To go further, the micrometer scale
must be explored.

Regarding the micrometer scale, other methods were discussed in this section.

A) Ostemers, PCL and iron particles
Protocol

The balls of PCL are put in boiling water with some iron particles. Then, spheres are shaped by
hand with one iron particle by sphere only. Spheres of PCL are put in a beaker with water to
cool. Afterward, in a petri dish, a layer of Ostemers is added first. Then the spheres are added
too and overlaid with Ostemers. The petri dish is positioned under the UV light (to cure it) for
1 min. Pick the final structure and place it in boiling water in a beaker. A magnet is applied on
the top of the sample while it’s in boiling water.

Results

The final structure obtained shows that iron particles can move with the application of an extern
magnetic field. But it takes about 10 minutes to have these particles moving because of the
viscosity of Ostemers. It proves that this test is conclusive but not effective. Also, the droplets
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of PCL are leaking in the continuous matrix and this is probably because they are melting during
the UV cure.

This process needs to be improved and can be a future lead for the micrometer scale.

B) PDMS, PCL and iron particles

Protocol

The protocol is the same as for the Ostemers PCL and iron particles. Ostemers is replaced by
PDMS which means that in a glass petri dish, spheres are added and overlaid with PDMS. Then,
the sample is placed in the oven at 60°C during 1h30 to be cured. The final structure is heated,
and a magnet is applied on the top of the sample while it’s in boiling water.

Results

The iron particles aren’t moving at all. Different magnets have been used but still with the
stronger ones (Neodymium), the iron particles seem to be fixed in the continuous matrix.

To observe if it is a matter of the shape of PCL, different shapes have been tested: spheres,
layers, cylinders... But the result is always the same: the iron particles aren’t moving.

Finally, it seems that the PCL melts when the sample is in the oven. Therefore, the iron particles,
due to gravity, are moving through the PCL and get stuck in PDMS. Once, the iron particles
are stuck in PDMS, they are fixed because PDMS is cured.

The continuous matrix must not be heated because of the low melting temperature of the PCL.

To conclude, regarding to these experiments, PDMS is not a good option as a continuous matrix.

C) Emulsions

An emulsion can be also a new lead to create this device at the micrometer scale. Indeed, an
emulsion of PCL/oil with iron particles in PDMS or Ostemers can be a new way to do it.

A few tests have been realized, to see if it is possible to obtain an emulsion of 0il/PCL in PDMS
or Ostemers. The purpose of these tests is to show is the two components aren’t miscible.

Results

e When the PCL is melted, it takes a few seconds to become solid. Therefore, the process
of emulsification must be done at, at least, 62°C degrees.

Finally, after many experiments, the conclusion is that it is impossible to do an emulsion
with PCL because it’s too viscous.
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A solution of liquid paraffine has been used to replace the PCL. Thus, two “emulsifications”
have been done: the first one is a mixture of paraffin, Ostemers and Span 80 and the second one
is a mixture of paraffine, PDMS and Span 80. The process remains in putting the mixture in the
speed mixer for five minutes.

The results are conclusive. Indeed, the emulsification seems to be possible because droplets are
observed with the microscope. But different parameters can be improved such as the ratio of
oil and PDMS/Ostemers, the amount of surfactant and the speed and time of the speed mixer.
Also, a speed mixer is not optimized for emulsification process, that’s why the experiments
didn’t go further. An ultraturrax or a sonicateur are machines that perform very well the process
of emulsification.

Moreover, the issue of iron particles needs to be solved. Indeed, a future task will be to find a
way to keep the iron particles in the oil phase.

Finally, the most important challenge for this project of emulsions is to obtain an emulsion of
oil in PDMS/Ostemers and not an emulsion of PDMS/Ostemers in oil.

To conclude, initial experiments show the potential way to get micrometer scale programmable
magnetic materials but need to be explored for a future project due to tome constrains.
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Conclusion

The purpose of this project was to make a magnetic metamaterial, made of magnetic particles
inside microdroplets of a low melting temperature polymer that are dispersed in a continuous
matrix. This device should be able to reach three different magnetism states: Paramagnetism,
Ferromagnetism and Antiferromagnetism thanks to different conditions such as temperature or
the magnetic field applied. In this project, this target was approached from millimeter and
micrometer scales separately.

The first step of the project was to determine which type of materials should be used as a
continuous matrix, a low melting temperature polymer, and magnetic particles.

The second step of the project was to focus on the millimeter scale and to see if it is possible to
make such materials.

For the millimeter scale, the components are the following: PMMA as the continuous matrix,
PCL as the low melting temperature polymer and magnets of 1mm diameter as magnetic
particles. First, a device made of 4 magnets has been made. It was visually characterized by
microscopic observations and by its responses to a needle. This first test was successful: the
three magnetic states have been correctly observed and their responses were conclusive.
Knowing that, a bigger device made of 25 magnets has been made. This device has been
characterized by measuring the magnetic field created, using a Gaussmeter. Once again, the
results are conclusive. The Paramagnetic and Antiferromagnetic state had zero magnetic fields
whereas the Antiferromagnetic state had a remnant magnetic field of 9.6 mTesla.

To conclude on the millimeter scale, the technical challenge has been a success.
The third step, with the remaining time, was to find some leads for the micrometer scale.

A device made of Ostemers, PCL and iron particles was made. The three magnetic states
weren’t reached because of technical issues. Indeed, the iron particles were moving but very
slowly because of the viscosity of Ostemers, so it wasn’t possible to magnetize them. But, it
remains a lead that can be explored for a future project. Besides, the same device was made but
Ostemers was replaced by PDMS. In this case, the iron particles didn’t move at all which means
that Ostemers seems to be a better option than PDMS.

Finally, emulsions were also approached to make this device. The preliminary results were just
to show that PDMS and Ostemers can be emulsified with paraffine. The emulsification process
remains a really interesting lead that can link formulation, chemistry to pure physics with
magnetism.

To conclude, all the results obtained for this internship are promising. It can be a start for a
Master thesis or a PhD thesis. Moreover, this project can lead to other openings. For example,
the final aim of this project is to create programmable superparamagnetic shape-memory
elastomers.
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Abstract

Polymer materials with a high response to magnetic fields are desirable for many industrial and
biomedical applications. The purpose of this project was to make a magnetopolymer with
unique properties. Indeed, the device must be able to switch between a Ferromagnetic,
Paramagnetic, and Antiferromagnetic state. First, the millimeter scale has been approached. A
first device composed of 4 magnets was made. It has been characterized visually by microscopic
observations. The results showed that the three magnetic states were reached. Then, a device at
a bigger scale has been made: 25 magnets. Using a Gaussmeter, the three magnetics states have
been measured: 0 mTesla for the Paramagnetic and Antiferromagnetic State and 9.6 mTesla for
the Ferromagnetic state which is very promising. Finally, some leads, at the micrometer scale
have been searched: a device made of Ostemers/PDMS, PCL and iron particles with a process
of emulsification.

Les matériaux polymeres avec une forte sensibilité aux champs magnétiques sont recherchés
pour de nombreuses applications industrielles et biomédicales. Le principal but de ce projet est
de fabriquer un magnetopolymére avec des propriétés uniques et nouvelles. En effet, le
prototype doit étre capable de passer de 1’état Ferromagnétique, a 1’état Paramagnétique et
finalement a 1’état Antiferromagnétique. Premierement, les expériences ont été faites a 1’échelle
millimétrique. Un premier prototype, composé de 4 aimants, a été fait. Les différents états
magnétiques ont été caractérisés, et avec succes, par observations microscopiques.
Deuxiemement, un prototype a plus grand échelle a été réalisé : 25 aimants. A ’aide d’un
Gaussmetre, les différents états magnétiques ont été mesurés: 0 mTesla pour les états
Paramagnétique et Antiferromagnétique et 9.6 mTesla pour 1’état Ferromagnétique. Les
résultats obtenus sont cohérents et tres encourageants. Finalement, quelques pistes, a I’échelle
micrométriques, ont été également abordées: un prototype fabriqgué a partir de
Ostemers/PDMS, PCL et des particules de fer avec un processus d’émulsification.
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APPENDICES

Appendix 1

FIGURE 25: THE LEAKS OF THE PCL
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Appendix 2

Flat PDMS

- PMMA Sheets
|
|
|

FIGURE 26: THE STRUCTURE OF THE SAMPLE



Appendix 3

FIGURE 27: EXPERIMENT WITH A NEEDLE : FERROMAGNETIC STATE

The needle doesn’t stick to the sample for the Paramagnetic and the Antiferromagnetic state.

Appendix 4

Mapping is done on the sample using the

Gaussmeter. For a side, three measurements
are made, 4 by 4 magnets (blue, green and

i . . . . purple sections on Figure 28). In the end, 8

measurements are done. It can’t be very
precise because of the size of the magnets but

i m . the purpose is to obtain a general idea of the
magnetic field.

Finally, one measurement is done at the
center of the sample (Red section).

FIGURE 28: THE MAPPING OF THE SAMPLE
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Appendix 5
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Distance
between the
sample and the
sensor of the
Gaussmeter

FIGURE 29: THE RESULTS OF THE MAPPING

The outputs are conclusive. The measurements at the extern part of the
sample are lower than in the center. It makes sense because it is where the
magnetic field is stronger (more magnets are taking part in this magnetic
field). Also, this mapping shows that every measurement is decreasing
when a sheet of PMMA is added which what was expected.
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LABORATORY SAFETY & MANAGEMENT

General Information
CRISIS PLAN in case of emergency:
SAVE

First-aid Kits are available in the chemical lab and in the printer area. An emergency eyewash
and an emergency shower are in the chemistry lab.

ALARM
Call 112.

Tell Emergency Services: what has happened, where it happened, and where you are calling
from. Remain calm and describe clearly what has happened. Also inform them that there are gas
bottles in the lab (and what type of gas). Inform KTH Alarm (08 790 77 00).

EXTINGUISH

Fire extinguishers can be found in the chemistry lab and in the hallways close to each
entrance/exit (see map). Make sure you use the right type of extinguisher (see clarifications on

page7).
EVACUATE

Gather outside the KTH-Hallen on Brinellvégen 38.

Class A

Class A fires are fires in ordinary combustibles such as wood, paper, cloth,
trash, and plastics.

Class B

Class B fires are fires in flammable liquids such as gasoline, petroleum oil and paint.
Class B fires also include flammable gases such as propane and butane.
Class B fires do not include fires involving cooking oils and grease.

Class C
Class C fires are fires involving energized electical equipment such as motors,

transformers, and appliances. Remove the power and the Class C fire becomes
one of the other classes of fire.
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